We demonstrate the controlled n-doping in small molecule organic photovoltaic 
Introduction
Organic photovoltaics is one of the competing technologies in the modern renewable energy sector, which is capable to partially meet the needs of power generation due to many advantages such as low cost, extreme flexibility, lightweight and large-area manufacturing.
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Since the pioneering work by Ching W. Tang 2 on two-layer OPV cell based on molecular donor-acceptor structure of CuPc and perylene tetracarboxylic derivative with a PCE of about 1%, the significant progress has been achieved in understanding and improvement of OPV systems, leading to a PCE of over 11% 3 in single-junction and over 13% 4 in tandem OPV small molecule-based devices that are not so far from the commercialization threshold.
A rather quick increase in performance of OPV solar cells has happened mainly due to the synthesis of better organic materials with higher charge mobility. 5, 6 However, it is not the only way, and further improvement is still possible since those OPV cells are usually undoped bulk heterojunction (BHJ) type structures. If the doping of transport layers can be easily achieved then additional enhancement of efficiency will be a straightforward success.
It is well known that p-i-n OPV solar cells have better performance and are more stable due to the thicker p-doped hole transport layer (HTL) and the n-doped electron transport layer (ETL) with low series resistance. In a series of papers, 7-12 p-and n-type electronic doping of organic donor (D) and acceptor (A) transport layers has been shown to increase the performance of OPV cells, and 8-10% efficiency has been achieved in tandems, demonstrating great promise of p-i-n organic structures.
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One of the outcomes of creating true p-i-n structures as opposed to intrinsic, undoped D-A structures (which are commonly and mistakenly called sometimes as p-n diodes), is the advantage of using thick transport layers with very low series resistances. So C 60 layers of ndoped A(n) ETL as thick as 100 nm has been used, as opposed to usual thickness of intrinsic A(i) layer of 7-10 nm. Such thicker layers allow achieving more durable OPV structures without pin-holes. We do not discuss here the obvious advantages of p-i-n structures, such as ohmic contacts with electrodes (and non-sensitivity to work function of an electrode), better charge separation by built-in electric fields, and many others (well described, e.g., in
reviews of Karl Leo team 1 ).
Indeed, truly doped p-i-n geometry improves the separation of positive and negative charges by built-in potentials, and it also decreases series resistance, enhancing PCE. 
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The cathode material is another factor that hinders the performance improvement of OPV cells mostly due to its low stability in air conditions and special processing requirements. another structure that is more advantageous since n-doping of both MWCNTs and fullerene can be done in ambient conditions with no need for any additional high-priced processing.
MWCNTs have initially a value of sheet resistance R sheet exceeding 1000 Ω/sq in the undoped as-synthesized state that is very high for PV applications. The work function of CNTs in our OPV cell can be substantially modified by EDLC under IL gating, turning them into a good cathode. In other words, the Fermi level of MWCNTs can be raised up by n-type doping, thereby allowing better electron collection from the active layer of OPV cell, and a value of R sheet can be decreased to the acceptable level below 100 Ω/sq. In an EDLC ionic gating method, the carriers can first accumulate around the extended interface of highly porous nanomaterial, such as CNT, and their concentration and work function can be controlled by an electric field of the gate V g . Such simple reversible and tunable EDLC-doping has never been previously used in small molecule OPV cells.
So motivation of our present paper is to create a small molecule OPV device in which ndoping can be easily achieved in a system of porous CNT electrode coated on top of fullerene film ETL of a most simple two-layer OPV: CuPc/fullerene with methods of reversible ionic EDLC. This requires new architecture, which combines IL supercapacitor, connected in parallel with OPV as we introduced earlier for a polymeric OPV with IL, 25 and demonstrated its advantages in tandems.
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In this paper, we apply the gating in IL to classical small molecule OPV with DEME−BF 4
IL and study the dynamics of this ionically gated system of MWCNT@Fullerene (i.e. cathode@ETL) to understand how it accumulates electrons, and how the ions move first in MWCNT network and then into and through fullerene molecular ETL layer of different thicknesses. We show here that this process differs significantly from the case of polymeric OPV, studied in our earlier paper, 25 
Results and discussions
Here we show the I-V measurement results of several OPV devices differing by fullerene's type (C 60 or C 70 ) and ETL thicknesses (from 5 nm to 200 nm). We have found that the solar cell's I-V parameters improved significantly even without any bias voltage between the counter-electrode and cathode just after applying the IL to the MWCNTs. In series of between MWCNT and n-doped fullerene and also due to the increase in conductivity of MWCNT electrode and doped fullerene. Table 1 shows almost 20 times increased I sc , nearly twice increased V oc and F F and sufficiently increased PCE from the value less than 0.01% to 0.514% (more than 50 times).
Lower I sc of our OPV device with MWCNTs comparing to the conventional non-transparent cathodes is caused by the reduced optical absorption in the bulk heterojunction since thick metals reflect more unabsorbed light back than semi-transparent CNTs that was already investigated in details by optical simulations for different transport layer thicknesses in our previous work. 26 Another reason for the overall low PCE is the fact that these devices are unoptimized. Since this is a new device one should optimize the OPV thickness and IL volume. We believe that increasing OPV thickness and decreasing IL volume will increase PCE significantly. Small deviations from the trend can be interpreted as variations caused by manual processing and non-uniformity of materials used from different batches.
Let us consider the physical and photo-electrochemical processes in this IL-OPV device in more detail. In small molecule OPV structure, the photon absorbed in CuPc (D-part) of BHJ creates an exciton, which dissociates at fullerene interface (acceptor part) by electron injection to LUMO of fullerene. This electron is further collected via the i-n build-in field 
Conclusions
We have demonstrated an effective tunable small molecule OPV structure with up to 200 nmthick stable n-doped fullerenes (C 60 and C 70 ) ETL with a MWCNT cathode. This structure
shows an improvement of all PV parameters V oc , I sc and F F leading to more than 50-time increase in PCE upon optimal ionic gating. Such operation is usually achieved with very thin intrinsic fullerene layer of 7 to 10 nm.
